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Conclusion: A full wave code was implemented in time 
domain for USCT. The obtained images employed simulated 
data and present adequate quality parameters. The 
calculation time was around 9 minutes which is very fast for 
this modality. These results are encouraging and we are 
currently working on the reconstruction of real data and 
other acoustical properties to validate and improve the 
applicability of the code. 
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Purpose or Objective: Morphological 7 Tesla (7T) MRI is a 
high-resolution imaging modality offering excellent soft-
tissue contrast and promising visualization of micro-
vascularization. It shows potential value to be used for 
improved target volume definition in radiation therapy 
planning of glioblastoma (GBM) over 1.5T and 3T MRI. 
However, system- and object-related geometric distortion 
(GD) of 7T MRI could compromise the spatial accuracy 
required for high-precision image-guided radiotherapy (IGRT) 
of GBM. Hence, quantitative evaluation of GD for 7T MRI is 
mandatory before integration into IGRT. A phantom study 
was performed to measure system-related GD in clinically 
relevant 7T MR pulse sequences. 
 
Material and Methods: To assess the GD, a new 
anthropomorphic head-phantom (CIRS Model 603A) with a 
rigid 3D grid (3mm rods, spaced 15mm apart) was used. 
Images were acquired with a Siemens Magnetom 7T whole-
body scanner in combination with a Nova Medical 32-channel 
head coil. Scan protocols with clinically relevant T2-GRE and 
MP2RAGE pulse sequences were used with and without 
automatic GD correction. For both sequences, 436 points of 
interests (POIs) were defined by manual reconstruction of the 
3D grid points in the respective images. A global and a local 
measure of GD were estimated: MADglobal is the mean 
absolute difference (MAD) between the measured and the 
true Euclidian distances of all unique combinations of POIs, 
whereas MADlocal is the MAD between the measured and the 
true Euclidian distances of all POIs relative to the magnetic 
field isocenter. 
 
Results: MADglobal and MADlocal ranges from 0.88−1.72 mm 
and from 0.28−1.76 mm in uncorrected GRE images, 
respectively. For uncorrected MP2RAGE images, MADglobal 
and MADlocal ranges from 0.83−1.62 mm and from 0.26−2.04 
mm, respectively. Overall GD (MADglobal) is present in both 
uncorrected images and is shown to be sequence-
independent. Larger values for MADlocal are observed with 
increasing distance from the magnetic field isocenter, with a 
maximum of 2.04 mm in uncorrected MP2RAGE near the 
edges of the phantom (Figure 1). At equal distance from the 
isocenter, GD was found to be anisotropic with the principal 
component in the superior-inferior direction (MADlocal = 1.38 
mm in uncorrected MP2RAGE). In corrected images, 
MADglobal is respectively lower in both sequences as B0 
inhomogeneity was corrected for. MADlocal for GRE and 
MP2RAGE ranges from 0.22−1.01 mm and 0.21−0.97 mm, 
respectively. This means that most GD could be reduced 
within clinically acceptable limits (≤1mm) by the automatic 
GD correction method. 
 
 
Conclusion: With 7T MRI, the system-related geometrical 
uncertainty of GD-corrected GRE and MP2RAGE pulse 
sequences is less than 1 mm and may thus render integration 
of 7T MRI for IGRT of GBM feasible. The next step will be to 
quantify and correct object-related GD for clinical 
implementation. 
 
Poster: Physics track: Implementation of new technology, 
techniques, clinical protocols or trials (including QA &amp; 
audit)  
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Purpose or Objective: Target volume delineation variation is 
of emerging importance with more advanced conformal 
radiotherapy delivery such as Intensity Modulated 
Radiotherapy (IMRT). We investigate delineation variation 
and consequent dosimetric variation for external beam 
cervical radiotherapy. 
 
Material and Methods: Two INTERLACE trial test cases were 
outlined by 21 different UK centres. A gold standard clinical 
target volume (GSCTV) was created by consensus agreement 
and validated using the STAPLE algorithm. Volume, Jaccard 
conformity index (JCI) and anatomical areas included 
(compared with protocol recommendations) were analysed 
for each centre’s CTVs. Individual RapidArc plans were 
created for each centre’s planning target volumes (PTVs). For 
each centre a gold standard PTV (GSPTV) was created by 
applying the margins used by that centre to the GSCTV. 
Comparisons were made with GSPTV dose volume histograms 
(DVH) parameters including D98%, D95%, D2% (dose delivered 
to 98%, 95% and 2% volume) and V95% (percentage volume 
receiving 95% dose). A qualitative review was also performed.  
 
Results: Combined primary and nodal CTV volume varied by 
up to 1.99 fold. JCI ranged from 0.51 to 0.81 overall. No CTVs 
demonstrated poor concordance (JCI<0.5). 13% and 32% 
achieved good concordance (JCI≥0.7). The largest variation in 
anatomical areas included within CTV was seen in obturator, 
pudendal and pre-sacral nodal regions. Up to 4cm variation 
was seen in the superior slice delineated (aortic bifurcation) 
and up to 3.5cm variation in inferior slice (mid-vagina). 
Acceptable coverage was achieved for all centres’ PTVs but 
no plans achieved acceptable GSPTV coverage. GSPTV 
V95%>95% prescribed dose was not achieved for all plans. 
GSPTV V95%>90% prescribed dose was not achieved in 67% of 
plans and V95%>80% was not achieved in 9% of plans. GSPTV 
V95% is on average 10-15% lower than planned and D95% is 10 
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to 20% lower than planned. Most common anatomical areas 
not receiving 95% dose were vagina, obturator and external 
iliac nodes for both cases and superior nodal aspect for case 
1. The DVH below shows the gold standard PTV coverage for 
each centre’s RapidArc plan.  
 
 
Conclusion: This quality assurance exercise demonstrates 
that, using IMRT, CTV delineation variation leads to 
potentially clinically important PTV dosimetric variations. 
Therefore, as IMRT use increases, the importance of accurate 
target volume delineation also increases.  
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Purpose or Objective: The aim of the study is to report the 
most important problems found within the on-site dosimetry 
audits of radiotherapy centres. On-site audits of therapeutic 
units are performed by our institute after commissioning and 
acceptance test for each external radiotherapy and 
brachytherapy unit in the Czech Republic since 1997. They 
are performed with the same dosimetry equipment by the 
same persons to reduce the uncertainty in the results. The 
system of on-site audits includes the basic audit aimed at the 
verification of selected mechanical and dosimetric 
parameters, advanced audit to verify selected functions of 
TPS, and end-to-end audit to check the whole radiotherapy 
chain from planning to delivery. When high deviation is found 
(not only exceeding tolerance level), the auditors always try 
to find the reason, rectify the problem on-site, or give 
appropriate recommendations to the particular centre. The 
results of the audits are reported to the national regulatory 
body. 
 
Material and Methods: The results from on-site basic, 
advanced, and end-to-end audits have been reviewed and 
analysed. Statistical process control (SPC) has been 
performed where appropriate. 
 
Results: We report important errors that might lead to the 
radiological accident if not revealed by the on-site audit. In 
early years, the main typical errors were caused by incorrect 
input data in the TPS after the acceptance test. Of the main 
importance were: incorrect determination of dose rate for 
60Co unit; incorrect output factors or wedge factors; using 
ionisation data instead of dose data measured with ion 
chamber for electron beams; incorrect SSD for measurement; 
incorrect detector; not taking into account couch attenuation 
etc. These types of errors are not so frequent but still 
observable nowadays, regardless the high quantity of 
published recommendations and literature on that topic. 
Currently, with new algorithms implemented in the TPS, 
various errors were found due to the lack of training, in 
particular for Monte Carlo (MC) algorithms. The TPSs were 
not commissioned i.e. with MC input data used in clinical 
practice but with data calculated for highest accuracy to 
comply with the measurements. End-to-end audit enabled to 
reveal insufficient patient QA, inaccuracy in TPS calculations 
for non-reference material, incorrect CT numbers to RED 
calibration curves, not following the ICRU and other 
international reports. 
 
Conclusion: All the examples can serve as a learning system. 
In early years, the main cause of errors was a lack of time for 
measurements evaluation and verification. More recently, the 
other cause of the errors is a lack of time to get familiar with 
new equipment, especially with the software (TPS). In all 
cases, the errors were found at centres with a lack of clinical 
medical physicists with sufficient continual professional 
development.This work was supported by the project No. 
TB04SUJB001. 
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Purpose or Objective: 3D printing technology introduces the 
potential for improved accuracy of bolus in conforming to 
patients and may provide efficiency gains through automation 
of production based on planning CT data. The objectives of 
this study are i) to compare build-up depth dose 
characteristics of solid and flexible 3D printed bolus material 
to both Solid Water and standard sheet bolus material, ii) to 
assess the fit of 3D printed bolus to chestwall anatomy based 
on CT imaging compared to sheet bolus, and iii) to examine 
dosimetric accuracy of the treatment plan compared to OSLD 
measurements with 3D printed bolus. 
 
Material and Methods: Depth dose measurements were 
performed with a Markus parallel plate chamber for 
polylactic acid (PLA) and flexible (Ninjaflex) 3D printing 
materials, and results were compared to both standard sheet 
bolus (Superflab) and Solid Water. For three chestwall 
patients, ballistics gel molds of the chestwall were fabricated 
to produce spatially realistic phantoms with plasticity similar 
to that of tissue. 5 mm thick, 3D printed chestwall boluses 
were fabricated for these phantoms based on CT data. CT 
imaging was then used to assess conformity to the surface 
and presence of air cavities. Optically Stimulated 
Luminescent Dosimetry (OSLD) was used to measure dose 
under both 3D printed and sheet bolus at nine locations on 
the chestwall surface for typical field-in-field treatment 
deliveries. 
 
Results: In the build-up region, PLA and Ninjaflex bolus 
material exhibit similar depth dose characteristics. Both 
types of 3D bolus yield a greater dose compared to Solid 
Water, however differences remain below 5%. CT imaging of 
gel phantoms show an improved fitting of 3D printed bolus, 
with air cavities below the bolus reduced by 9% to 321% 
compared to standard sheet bolus. Treatment planning 
studies show better uniformity of skin dose for 3D printed 
bolus compared to sheet bolus, with the former giving a 
standard deviation of 1.8% compared to 4.2%. On average, 
the agreement of OSLD-measured to planned dose was similar 
between sheet bolus and 3D printed bolus, however standard 
sheet bolus shows greater variability in the measured-to-
planned dose ratio (15% range for sheet bolus compared to 6% 
for 3D printed bolus). 
